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Tello Drone

Activity Background and Learning Outcomes:
Students will master Python programming basics and fly the Tello drone using the TI-Nspire CX Il with the BBC micro:bit. Each challenge presents a new flight
skill and promotes safety while flying the drone in the classroom. The objective of each challenge is to fly a square using different Tello methods and Python

programming techniques.

Learning outcomes of this activity include:

Python: Tello:

e editing a program e tello.takeoff() e tello.turn_right()

e running a program in shell e tello.land() o tello.turn_left()

e types of variables o tello.forward() e tello.goto() Scan QR code or click
e defining and recalling variables o tello.left() here to watch the

e basicinput and output o tello.right() associated videos for
e definite loops e tello.backward() this activity

Are you flight-rated for this activity?
Before proceeding with the activity, students should have completed the "Getting Your Wings" activity, and the Tello - micro:bit communication system is
assembled and paired. If not, please complete the "Getting Your Wings" activity to prepare for this activity.

Preflight Check: The Walk Around

1.

pw

Securely insert a fully charged battery into the drone. Be sure to slide the
battery in with the correct orientation. Never force the battery!

Check that the propellers do not have nicks, and gently but firmly press
each propeller onto the motor's shaft.

Confirm the propellers rotate freely and do not hit the safety guards.
Inspect the airframe for cracks or other damage.

Ensure the flight airspace is clear of people and objects.
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https://education.ti.com/en/teachers/microbit
https://education.ti.com/-/media/ti/education/files/product-resources/tello-drone/getting-your-wings-ti-nspire-cxii.zip?rev=bf69b018-67f3-4fd0-b2d4-15ea2a95db64&la=en&hash=0207B478239EAD32368C1BAC757988FF368D2571&hash=0207B478239EAD32368C1BAC757988FF368D2571
https://www.youtube.com/watch?v=s0Gv83yK9O8
https://www.youtube.com/watch?v=s0Gv83yK9O8
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Reference Guide
Python Syntax
takeoff()

land()
forward(distance)
backward(distance)
fly_right(distance)
fly_left(distance)
turn_right(angle)
turn_left( angle)
enable_mission_pad(number)

print("string", variable)

var = input(“prompt”)

var = float(var)

for index in range(size):

*¢ block

Example Code
tello.takeoff()

tello.land()
tello.forward(100)
tello.backward( 100)
tello.fly_right( 100)
tello.fly_left( 100)
tello.turn_right(90)
tello.turn_left( 90)
tello.enable_mission_pad(6)

tello.goto(50,75,100)

print(“Side =”,n)

length = input(“side length”)
length = float(length)

for side in range(4):

+etello.forward(100)
+¢tello.right(90)

©2023 Texas Instruments Incorporated

Notes

Takeoff must be the first flight command in the program.

Land must be the last flight command in the program.

Fly forward at a distance from 10cm to 500cm.

Fly backward a distance from 10cm to 500cm.

Fly right, with no turn, from 10cm to 500cm.

Fly left, with no turn, from 10cm to 500cm.

Rotate right at an angle from 0° to 360e-.

Rotate left at an angle from 0° to 360-.

(EDU only) Enable the visual positioning system to recognize the numbered mission
pad under the drone at takeoff. The rocket printed on the pad points in the positive
X-axis direction. This command must be issued after takeoff().

(EDU only) Fly to the x, y, and z coordinates over the enabled mission pad.
Coordinates must be within -500cm to 500cm. Note that x,y, and z coordinates can't
be set simultaneously between -20cm and 20cm.

The print() function will display a string and/or variable in the calculator's Python
shell.

The input() function requires the prompt displayed in the shell and returns a string to
the assigned variable.

If the string returned from the input() function must be a number, for example, for a
Tello flight method, then the string must be converted to a number type. The float()
function returns the argument variable as a floating point number type.

The for control structure repeats a block of code the number of times set in the size

of the range() function. Notice the code block is indented by two spaces ¢ in the Tl

Nspire Python editor. This indentation is essential to group all of the commands that
are controlled with the for statement. If a command comes after the for statement
and is not indented, it will not be repeated in the control structure.
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Challenge 1: Square one
The challenge: Write a program named ‘c1’ to fly a square using only forward() and turn_right() or turn_left()

1. Select [on] key and start a New document. M 4 1 Actions NDoc
. %4 1 Add Calculator » 2 Run »
= 11
2. All Python methods and modules are accessed by pressing ; E"i] @ 2 Add Graphs —— 1 Complex Math  »
the [menu] key. I 3 Add Geometry 1. 4 Bult—ins 2 Time b
.-F'E B 4 Add Lists & Spreadsheet 7 5 Math 3 Tl System D
i . fuan ) 5 Add Data & Statistics £ P andam 4 Tl Draw 4
3. Add a new Python editor, select: Add Python < New - Name it "c1". 6 AddMotes 1 from tello import * SRINIMEFE »
4. Import the tello module, select: More Modules - Tello - from tello ) 7 Add Vernier DataQuest™ 2 Fly ¥ BBC micro:bit  »
import * @ 8 Add Widget 3 Flight Data ¥ system_additions »
m Add Program Editor » 4 Maneuvers Dk Tello ’
Open... [Add Python » 5> Settings ¥ Turtle Graphics »
3 Shell 6 Commands MWW Dash 4
5. Select More Modules -» Tello - Fly - takeoff() % 1 Actions 1 J KR *Doc rap [I] X
D 2 Run B *c1 33
Py
& 3 Edit 4 B0 . from tello import *
1. 4 Buitt-ins 3 forward(distance) tello.takeoff()
AE AR 4 backward(distance)
1 fromtello impo S turn_right(angle)
2 Fly 16 turn_left(angle)
3 Flight Data 7 up(distance)
Note — to ensure your cursor goes to the following line after entering a 4 Maneuvers 8 down(distance)
¢ [ ¢ /] +[ t ] Thi ts the cl d thesi f 5 Settings 9 Fly with mission pad 4
pa_rame er, pre._ss ctr en (_er. is prevents the closed parenthesis from £ el A 1ty right(aistance)
being dropped into the next line. 7 Version v
6. Select: More Modules - Tello - Fly - .forward(100) JEER’ *Doc rap [i] X (EER)» *Doc rao [l X
B *clpy 33 B *clpy 4/4
from tello import * from tello import *
tello.takeoff() tello.takeoff()
tello.forward(] )] tello.forward(100)
20-500 ¢m
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7. Select: More Modules - Tello - Fly - turn_right(90)

8. Repeat steps 6 and 7 to complete flying a square returning to the original
position.
9. When finished, land the drone - More Modules - Tello = Fly - land().

10. Set your drone on the floor on a Tello mission pad, clear from people and
obstacles. Think about the program and where the drone will fly before
launch.

11. Press the power button on the drone's side to turn it on.

12. Wait until the status LED on the front of the drone blinks steadily.

Caution: Check that the flight path above and around the drone is clear of

people and obstacles before running your program.

13. Select [menu] = Run - Run (Ctrl+R) to run the program.

14. After the drone has landed, turn off the drone by pressing the power
button again.

15. Congratulations! You have written the first fly-a-square program in
Python!

©2023 Texas Instruments Incorporated
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Tello Drone
M 1.7 g *Doc RAD D X i 1.1 *Doc RAD D X
@ *cl.py 44 @ *cl.py 5/5
from tello import * from tello import *
tello.takeoff() tello.takeoff()
tello.forward(100) tello.forward(100)
tello.tum_right(] ) tello.turn_right(90)
degrees
1.0 *Doc rap [l X «EER» *Doc rap [I] X
& *cl.py 5/5 @ *cl.py 6/6
from tello import * from tello import *
tello.takeoff() tello.takeoff()
tello.forward(100) tello.forward(100)
tello.turn_right(30) tello.turn_right(90)
tellc.forward(] )] tello.forward(100)
20-500 cm tello.turn_right(| )
degrees
[

Power Button

Status LED
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Challenge 2: Square two
The challenge: Write a program named "c2" to fly a square with an edge length of 100 cm using only forward(), backward(), fly_right(), and fly_left() methods.
Add a print statement after each side is flown with an appropriate message indicating which side of the square has been completed.

1.
2.

Add a new page to the document [ctrl] and +page ([doc]).

Add a new Python editor, select: Add Python - New - Name it
"c2".

Import the tello module, select: More Modules - Tello - from tello
import *.

Select More Modules - Tello - Fly - .takeoff()

Select More Modules - Tello = Fly = .forward(100)

Select Built-ins = 1/0 = print()

©2023 Texas Instruments Incorporated

Hc} A Add Python v |

1 Add Calculator

&% 2 Add Graphs

N 3 Add Geometry

B 4 Add Lists & Spreadsheet
) 5 Add Data & Statistics

6 Add Notes

41 7 Add Vernier DataQuest™
B 8 Add Widget

3 9 Add Program Editor

A

»

) A Add Python ‘ New...

2 Open...

3 Shell
1.1 *Doc rap [l] X
& *c2.py 4/4

OROOEOOEE
CIOMEAEMOMMME
OEEOEEOEE
(2] - | - ] - [
# 1 Actions
P 2 Run
E8 3 Edit »
11 4 Built-ins 1 Functions *
V% 5 Math 2 Control »
@ 6 Random 3 Ops ’
I 7 T PlotLib 4 Lists ’
@ 8 Tl Type »
& 9Tl le} »
2 input()
il M"B eval)

B Ve, formato

from tello import *
tello.takeoff()
tello.forward(100)

print(

education.ti.com
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Select the [ctrl] and then the "[]" key to enter a single quote.
Next, use the alpha keypad to enter "side 1 has completed".
End the line with one more quote (the [ctrl] and then the "[[]").
10. Select [ctrl] + [enter] to go to the following line and avoid splitting the
parentheses.
11. Complete the challenge by selecting the necessary flight methods and
printing the corresponding side number. Don't forget to land!
12. Prepare the drone for takeoff as done in challenge 1.
Caution: Check that the flight path above and around the drone is clear of
people and obstacles before running your program.
13. Select: Run = Run (Ctrl+R)
14. After landing, turn off the drone power by pressing the power button.

o N

TI-Nspire CX Il
Four Square

EEEEEDEEE
EELEREREEEE
DEEEEDE A

Tello Drone

1.1 rap [I] X

& *c2.py 5/8
from tello import *

tello.takeoff()

tello.forward(100)

print("side 1 has completed")

*Doc

Challenge 3: Square three

The Challenge: Write a program named ‘c3’ that uses a for index in range(size): control loop with fly forward, turn, and a print statement displaying the side in
the code block to fly a square with an edge length of 100 cm. When the square is completed, and the drone has landed, print a message indicating the drone

has landed.

1. Add a new page to the document [ctrl] and +page ([doc]).

2. Add a new Python editor, select: Add Python - New - Name it
"c3".

3. Import the tello module, select: More Modules - Tello - from tello
import *.

4. Select More Modules - Tello - Fly - .takeoff{()

5. Select Built-ins = Control - for index in range(size):

©2023 Texas Instruments Incorporated 6

KR’
B *3py

*Doc

rap [I] X
36

from tello import *
tello.takeoff)

% 1 Actions

P 2 Run
1 if.

2 if.else..

3 if..elif..else..

for index in range(start, stop):

for index in range(start, stop, step):
for index in list:

while..

elif:

else:

T OO~ O !
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The index is a named variable that contains what step of the loop is
running—type in the name "side" to describe the index variable used
in this example.

Press the [tab] key to advance the cursor to the range() function
argument.

The size parameter for the range() function is the number of times
the loop will run. Since we are flying a square with four sides, the
range is four.

Press the [tab] key to advance the cursor to the following prompt in
the method.

The cursor is now indented; notice the two gray diamonds. Any code
written in the indented block will be repeated in the loop. To fly a
square, fly forward 100cm and then turn 90 degrees. Since these two
methods will be repeated four times, the loop will fly a square.

TI-Nspire CX Il
Four Square

Note: The for index in range(size): structure makes flying a square much
easier than in Challenge 1 since the instructions for flying a side are repeated
four times! Loops are a powerful coding tool.

11. Add a print statement to the block of code.

12. Type in "side " with a space after the "e"; be sure to close the quote

Tello Drone
&l 1.1 g *Doc RAD D X KRR *Doc RAD D X
B *3py 3M1 B *c3.py 3M1
from tello import * from tello import *
tello.takeoff() tello.takeoff()
for | in range(size): for side in range(FF0):
I bl

&l 1.1 g *Doc RAD D X KRR *Doc RAD D X
B *3py 411 B *c3.py 6/13
from tello import * from tello import *
tello.takeoff() tello.takeoff()
for side in range(4): for side in range(4):

tello.forward(100)

tello.turn_right(30)

I

N *Doc rao [1] X I « KK > *Doc ran 1] X
B *c3.py 6/13] | *<3.py 6/13

and then enter a comma outside of the second quote to add a second
parameter to the print() statement. Notice the quote is green, and
the comma is black. This color coding helps avoid syntax errors.

from tello import *

tello.tak eoff()

for side in range(4):
tello.forward(100)
tello.turn_right(90)

©2023 Texas Instruments Incorporated

print()

from tello import *

tello.tak eoff()

for side in range(4):
tello.forward(100)
tello.turn_right(30)
print("side",)

education.ti.com
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13. The index variable named "side" keeps track of which step the loopis [l 1.1 *Doc reo [ X I« EEN» *Doc rap @] X
running. This variable can be printed to indicate the side of the square | *c3.py 613 |@ *c3.py 6/13
; - ; ; from tello import * from tello import *
being flgwn. Hoyveve‘r, In Python, the f|rs.t step (.Jf a loop is zero. Since tello.takeoff0 tello.takeoft0
numbering the first side of a square as "side 0" is awkward, a value of |for side in range(@): for side in range(d):
i R H ; i H tello.forward(100) tello.forward(100)
1 should be adc!ed to the |n‘dex variable. This expresspn, side+1, will tello.turm, right(0) tello.turn. right(G0)
add one to the index and display one when the index is zero. print("side”,side+1,) print('side",side+1," completed’)
14. After the expression, type a comma to add a third parameter.
15. Use quotes to add the string "completed" to the print statement. Add
the space before the "c" to format the display correctly.
16. Select [ctrl] + [enter] to go to the following line and avoid splitting the §l 1.1 & *Doc rap 1] X I Actiors =
parentheses. 2 "3y 27 QA
17. Notice the cursor remains indented with two diamonds, indicating E;‘ﬁ;”éi"go'%wn ' w4 Byt CommentUncomment (Ctri+T)
this code line is within the loop. Since the drone should not land after  [for side in range(): 75 Math - Insert Mutti-line String
+
the first step of the loop, the cursor needs to be dedented to the left fello.forvard(1co) @ 6 Rand > o €U+
. . tello.turn_right(90) ——————6 Replace... (Ctrl+H)
to exit the loop before landing. print("side”,side+1," completed”) ‘5 7 T Ple ™ o Line... (Ctr+G)
18. Select [shift] +[tab] to dedent the cursor to the left and exit the loop. et g I: :z 8 Beginning of Line (Ctrl+8)
Alternatively, the [del] key can delete the gray diamonds. & A More 2 Endof Line (Ctrl+2)
————— A Jumpto Top (Ctrl+7)
B Va”aIB Jump to Bottom (Ctrl+1)
19. When all four steps of the loop have been completed, the drone {EEN’ *Doc rao [ X N« KN *Doc rao [[l] X
should land. Be sure the tello.land() method is not indented and is @ *c3.py 715 |@ *c3.py 9/18

part of the loop.
20. Lastly, print a message reporting the drone has landed.
Caution: Check that the flight path above and around the drone is clear of
people and obstacles before running your program.
21. Select Run = Run (Ctrl+R).
22. After landing, turn off the drone power by pressing the power button.

from tello import *

tello.takeoff()

for side in range(4):
tello.forward(100)
tello.turn_right(90)
print("side",side+1," completed")

from tello import *

tello.takeoff()

for side in range(4):
tello.forward(100)
tello.turn_right(S0)
print("side”,side+1," completed")

tello.land()

print("Houston, the drone has landed")

Challenge 4: Square four

The Challenge: Write a program named ‘c4’ that uses a mission pad to fly a square, with the size set by user input, within Tello's 3-D grid system. Use the
tello.goto(x,y,z) method and var = input("prompt") function to complete the challenge.

Background: There are four Tello mission pads; each has an ID, rocket, and planets printed on one side of the pad that is recognized by the drone's vision
system. The pads 1, 2, 3, and 4 are shown below. The pads establish a 3-dimensional coordinate system the drone can fly within.

©2023 Texas Instruments Incorporated 8
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-——
Drone

Tello
Rocket

Mission Pad ID

Planets

The rocket in the corner of the pad points in the positive X-axis direction and defines the 3-D coordinate system for the drone. The center of the pad is the
origin (0,0,0) of the system. The pad has a zero height on the Z-axis; however, the drone will not fly lower than z = 30cm to prevent crashes into the floor.
Limiting the goto(x,y,z) values within this recommended volume, see diagram below, is best.

AZ cai [ ¢ A0S

A
1.2m

Detection Range
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Add a new page to the document [ctrl] and +page ([doc]). [ o ] KR *Doc ran [I] X
Add a new Python editor, select: Add Python > New - Name it = @ *cd.py 2R
"c4q" C&)ol- @ e from tello import *
' =L = side=
Import the tello module, select: More Modules - Tello - from tello v
import * [ - Jem
The input function prompts the user to enter something, in this BERES )
program, the length of the square's edge in cm. The function returns :
, . . mnl o ] ] o (e
the user's keyboard entry as a string. The returned string must be
. . . . OOEEDEEDE
stored in a variable for later use. In the example code, the variable is EHOOEODM®EE
— . . g CEOEEREEE
named "side". Use the keypad to type in the variable name, "side", @ol 1 1 e
and then type in the equals, "=", symbol.
Select Built-ins = 1/0 = input() # 1 Actions g ument3 5N’ *Doc rap [I] X
The input function requires a prompt string as an argument; this b2 R“f‘ i’ 4550 | *cdpy 33
string will be displayed on the calculator and will tell the user to —— ’ from tello import *
& play . 4 Built-ins 11 Functions » side=input("enter side length in cm ")
enter. Within the parentheses, select the [ctr]] and then the "[1" key V= 5 Math 2 Control »
to enter a single quote. Use the keypad to type in "enter side length @ 6 Random i E)PS "
f »
in cm "with a space after the "m" be sure to close the quotation. ]c; ; E s c T;t)z ,
®9T 1 print)  § /0 »
& A M_B eval()
wBVey format()
The input() function returns a string into the variable named "side"; «EBR" *Doc UGN | # 1 Actions
forcing the "side" variable to be a string type. String type variables 3 *cd.py 36 [?U 2 Run
may contain any keyboard character, including numbers. However from tello import * R - ;
. . ! ’ ’ side=input("enter side length in cm ) 11 4 Built-ins | 1 Functions »
string types differ from number types. It must be a number type to do  |side| ¥ 5 Math 2 Control »
any mathematical operations on a variable. There are two number @1Rin't>o=ndnm 3 Ops »)
types; integers such as 1,2, or 3, and floating point such as 4.5, .0023, ; _%_’;‘;Z :
or 10.0. The Tello fly method arguments require a floating point type, ;13 round(x, ndigits) 3 /0 R
and a string type must be converted to a float type. The float () g4 st0
function can redefine the "side " variable. T;Z tcyopn;(p)lexo

Use the keypad to type "side =".
Select Built-ins - Type -> float()

©2023 Texas Instruments Incorporated
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10. Use the keypad to type in the name of the variable "side". This line of
code redefines the "side" variable from a string type to a floating
point type.

11. Select More Modules -» Tello - Fly - .takeoff()

12. Select More Modules = Tello = Fly = Fly with mission pad =
.enable_mission_pad(id)

13. Choose a Tello mission pad to use for your flight. In the example
code, mission pad 3 was used. Be sure to enter the id of the mission
pad you will use on your flight.

Note: The tello.enable_mission_pad() method must be entered after the
tello.takeoff() method; this allows the drone to "see" the pad from above.

©2023 Texas Instruments Incorporated 11

Tello Drone
«EEN» *Doc rap [I] X 1.1 B *Doc rap [I] X
& *cdpy 47, @ *cd.py 59
from tello import * from tello import *
side=input("enter side length incm ") side=input("enter side length incm ")
side=float(side) side=float(side)
tello.takeoff()
% 1 Actions [dument3 ] 1.1 13 *Doc rap ] X
1 takeoff()
e fun 2 land0 @ *cd.py i
E8 3 Edit f : r
_ 3 ¢ dadi rom tello import
1. 4 Built-ins ofvvall (dlst?nce) side=input("enter side length in cm ")
Jx & Math 4 backward(distance) tello.takeoff()
1 from tello impo 5 turn_right(angle) tello.enable_mission_pad(] )
2 Fly 16 turn_left(angle) 1-8

3 Flight Data 7 up(distance)
4 Maneuvers 8 down(distance)

1 enable_mission_pad(id) [ulSSEINEL

»

side=float(side)
tello.takeoff()
tello.enable_mission_pad(3)

2 goto(x,y,z) t(distance)

3 jump(x,y,z,pad) v

1 1.1 *Doc PADD X
@ *capy 6/10
from tello import *

side=input("enter side length incm ")

education.ti.com
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14. Imagine the drone flying the square on the left with a side = 75 cm.

Make a list of the coordinates of each vertex of the square.

0,75 75, 75
X1,Y1=(75 ,0 )
X2,v2=( , )
X3,Y3=( , )
X4,Ya=( , )
0,0 75,0

Make a similar list of the coordinates of each vertex of the square
using the variable side instead of the number.
X1,Y1l=(side, 0 )

X2,Y2 = , )
X3,Y3=( , )
X4, Y4 = ( , )
25
Tl Nspire CX Il turtle program showing the flight path
15. Select More Modules - Tello - Fly - Fly with mission pad - # 1 Actions : E:‘- - . c -
.goto(x,y,z) ; g E:i’t‘ : f:ngg 0 B *cay 712
16. Use the number pad to type in the x,y, and z coordinates for the first |, , glit-ins 3 forward(distance) g%r::ﬁigzt,mm .(W e
vertex of the square. The example code uses a height of 50 cm, z=50. | s math 4 backward(distance) side=float(side) '
1 from tello impo 5 turn_right(angle) tello.takeoff()
. 2 Flb 6 turn_left(angle) tello.enable_mission_pad(3)
Note: The drone can't fly below 30 cm. All (x,y,z) triplets must have a zvalue |5 F%;ht Data ]7 up(distance% tello.goto(side,0,50)
greater than 30. 4 Maneuvers 8 down(distance)
1 enable_mission_pad(id) |mission pad >
- BN istance)
17. Repeat steps 14-16 for the other three vertices of the square. 3 jump(y.z,pad) =

18. When completed, land the drone.

19. Center your drone on the mission pad and test your program!
Caution: Check that the flight path above and around the drone is clear of
people and obstacles before running your program.

20. Select Run = Run (Ctrl+R). After landing, turn off the drone power

by pressing the power button.
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